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SUMMARY Three patients with spasmodic torticollis following VIII nerve lesions (VIII-ST) under-
went quantitative assessment of their sternomastoid EMG during vestibular (otolith and semi-
circular canal) stimulation. The results were compared with a normal control group and with six
patients with idiopathic spasmodic torticollis (ST). Backwards tilt of the VIII-ST patients resulted
in a marked increase in the EMG, especially in the more affected sternomastoid, whereas this
manoeuvre did not have a significant effect in normal subjects, or had a variable effect in the ST
group. These results suggest that those with torticollis following VIII nerve lesions are a distinct
group. Since there was no relationship between the side of the VIII nerve lesion and the direction
of the torticollis a direct aetiological link between the two is, however, unlikely. The unusual
EMG/tilt responses are explained on the basis of peripheral imbalance of utricular signals (maximal
in the supine position) in the presence of central deranged processing of information concerning
head posture.

The CNS relies on visual, proprioceptive and ves-
tibular information to generate appropriate output to
the cervical muscles controlling head position. For
this reason damage to peripheral or central vestibular
pathways gives rise to serious derangements of head
posture in animals and occasionally in man.' -4 These
abnormal head postures, it must be stressed, do not
show the massive EMG discharge which characterises
the head deviation seen in spasmodic torticollis (ST).5
However, recently we presented data from patients
with spasmodic torticollis who did not have a pre-
vious history of vestibular disease, showing that a
significant proportion of them had abnormal ves-
tibular function.6 In brief, caloric and rotational tests
frequently disclosed as asymmetric vestibulo-ocular
reflex, the slow component of the nystagmus being
more active in the direction of the head (chin) devi-
ation. Since there have been other reports on the asso-
ciation between spasmodic torticollis and vestibular
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lesions7-10 we studied three patients in whom tor-
ticollis followed an insult to the vestibular system
(VIII-ST) in an attempt to clarify a possible
aetiological relationship between the two.

In addition to routine neuro-otological assessment
neck EMG was recorded whilst various types of ves-
tibular stimuli were delivered. It was expected that if
there was a connection between the torticollis and the
neuro-otological lesion some common clinical fea-
tures should be present and the EMG activity from
the dystonic muscles might be modulated by ves-
tibular stimulation in a consistent way.

Materials and methods

Case reports
Case 1 A 57 year old man who, at the age of 24, suddenly
developed severe vertigo, unsteadiness, nausea, vomiting,
tinnitus and hearing loss in the left ear. These symptoms
settled over 24 hours. During the next 4 years he had occa-
sional vertigo but more frequent feelings ofunsteadiness and
pulsion to the left. The tinnitus and hearing loss remained
unchanged. At 37 years of age he noticed progressive weak-
ness of the left leg. A left acoustic neuroma was removed at
the age of 52 years and at the time the patient noticed that
his head was rotated to the right.
On examination there was in addition to the deafness a
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left lower motor neuron facial weakness, moderate
pyramidal weakness on the left and a mild ataxia bilaterally.
The head was turned to the right due to tonic contraction of
the left sternomastoid which was hypertrophied. The right
splenius and the left trapezius were also hypertrophic though
to a lesser degree.
Case 2 A 62 year old man who had suffered from chronic
bronchitis for many years. Five years before being seen he
had a single episode of headache in the right parieto-
occipital region following which he developed trigeminal
neuralgia in the right cheek and jaw. This was partially con-
trolled with carbamazepine and phenytoin. He occasionally
had blurred or double vision and a vague sensation of
dizziness and unsteadiness but did not report rotational ver-
tigo or hearing troubles. In the year before assessment he
noticed that the head involuntarily turned towards the left,
especially on lying in bed.
On examination the right sternomastoid was moderately

hypertrophic and there was a bilateral exophoria. Jerky tor-
ticollis to the left, which clearly increased in the supine posi-
tion, was present. A CT scan showed the basilar artery
looping into the right cerebello-pontine angle.
Case 3 A 52 year old man who, at the age of 15, developed
involuntary movements of the face in which he screwed up
his eyes and twisted the corner of his mouth. At the age of45
he suffered attacks of vertigo with right sided tinnitus and
progressive hearing loss. A right vestibular neuronectomy
was carried out. This operation abolished the vertigo and the
facial movement but he had moderate hearing loss with tin-
nitus and right facial weakness; the latter resolved over two
months. Six months after the operation he developed head
turning towards the right associated with neck pain.
On examination he had right torticollis with hypertrophy

of the left sternomastoid. Both splenii and the right trapezius
were mildly hypertrophic. There was a mild right facial
weakness more marked around the mouth than the eye and
a mild right pyramidal weakness.

Control groups
Two groups of subjects were used as controls. The first con-
sisted of six normal male subjects, aged between 21 and 55
years, and the second of six patients with idiopathic spas-
modic torticollis. The latter group comprised three males
and three females aged between 32 and 59 years, with no

previous history of otological disease; two had previously
undergone a full neurootological investigation and had the
typical directional preponderance of vestibular nystagmus in
the direction opposite to the chin deviation.

Electro-myography
Surface Beckman silver cup electrodes were used to record
the EMG from the sternomastoid on both sides of the neck.
Raw EMG was displayed on-line by means of an ink jet
recorder and collected on magnetic tape for subsequent pro-

cessing on a Fourier analyzer (Solartron 1200) which dis-
played the power spectra and calculated the energy

dissipated by the signal (power in band between 10 and
500Hz) in volts2. The frequency limit of the system was

either 313 or 625 Hz according to the tape speed used. The
periods analysed were approximately 30 s and usually
included 30 averages. The first 10 seconds of EMG after
each new vestibular stimulus was applied was not analysed
to allow for stabilisation of the recording. Abnormally high
peaks of activity at 50 Hz were deducted from the total
power because this was always correlated with clearly
identifiable noise on the paper recordings.

Vestibular stimulation
Vestibular modulation of the neck EMG was studied in
response to tilt with respect to gravity (otolith stimulation)
and to horizontal rotation (semicircular canal stimulation).
In order to obtain quantifiable body tilt a bi-axial gymbal
was used; the patients sat on a chair which restrained their
arms and pelvis. The trunk was strapped in with an "X"
shaped seat belt; the legs and feet were also fitted with belts.
The head rested backwards and was fixed, when required,
with a binaural clamp. The position of the chair was mon-

itored with a potentiometer. The subjects were tilted back-
wards in steps of 300 up to a maximum of 900 in the sagittal
plane with the head resting freely. Then the head was

clamped and the patients tilted 450 backwards-forwards
(sagittal plane) and right-left (coronal plane). These dis-
placements were smooth and slow; the subjects stayed in the
new position for at least a minute before being moved again.
The effect of vision upon the EMG was assessed by obtain-
ing records with eyes open and closed.

Rotational stimuli were delivered in the dark with a

revolving chair which rotated around the vertical axis at a
constant acceleration of 2 to 3°s 2 up to a maximal velocity
of 1000/s. This velocity was then maintained for about 2
minutes during which the room lights were turned on and off
for periods of about 45 seconds in order to assess the role of
optokinetic stimulation. The procedure was carried out at
least twice to the right and twice to the left resulting in a total
constant acceleration duration in each direction of least
132 s. During rotation the head was in contact with an occip-

Table 1 Clinical and neuro-otological summary

Torticollis Spontaneous Caloric Rotational
VIII lesion (chin) nystagmus OKN SP test test

Patient I L R 20 R R DP Saccadic LCP R DP
R>L RDP

Patient 2 R L Nil R DP Saccadic R DP Not
available

Patient 3 R R Nil Normal Normal R CP Hypoactive
L DP bilaterally

OKN = Optokinetic nystagmus
SP = Smooth pursuit
DP = Directional preponderance of nystagmus
CP = Canal paresis
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Table 2 Resting EMG*: sternomastoid

NC = n = 11 103 x 10-2 SD 1-86 x 10-2
ST = Affected n = 5 1-27 x 101 SD 982 x 10-2

Unaffected n = 4 3-48 x 10-1 SD 3-79 x 10'
VIII-ST = Affected n = 3 1-06 x 10-1 SD 8-43 x 10-2

Unaffected n= 3 1-71 x lo-2 SD2-04 x 10-2

*Expressed as the ratio: resting EMG/EMG during forced
voluntary head turn. NC = normal controls. ST = idiopathic
spasmodic torticollis controls. n = number of muscles satisfactorily
studied. Affected = more affected sternomastoid; contralateral to
the chin deviation. Unaffected = least affected sternomastoid;
ipsilateral to the chin deviation.

ital rest but was not clamped. The subjects were instructed to
relax and keep their eyes open.

Results

A summary with the main clinical and neuro-
otological findings of the VIII-ST patients is
presented in table 1. There was no consistent
relationship between the side of the vestibular deficit
and that of the torticollis. In cases 1 and 3 the neuro-
otological findings, apart from the saccadic pursuit in
the former, can be explained on the basis of the VIII
nerve section. In contrast, in patient 2 the marked
directional preponderance ofcaloric nystagmus in the
direction opposite to that of the chin deviation is typ-
ical of idiopathic spasmodic torticollis; although there
was no unequivocal indication of peripheral
involvement in the vestibular tests, the patient's
symptoms and the radiological findings provide good
evidence of unilateral vestibular impairment.
The results of EMG while the subjects were sitting

up relaxed with the head unrestrained are presented in
table 2. As expected these resting values, expressed as
a proportion of maximal voluntary contraction, are
increased in both patient groups by an order of mag-
nitude. Owing to this difference in the resting EMG, it
was necessary to normalise the data of all the subjects
in order to compare the effects of vestibular stimu-
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Table 4 EMG during tilt back andforward; head clamped

45B 45F

NC n = 11 102 SD 029 139 SD 075
ST
Affected n = 6 3 17 SD 3 50 1-74 SD 1 97
Unaffected n = 6 107 SD 0-46 102 SD 057
Patient 1
Affected 8-93 7-25
Unaffected 1-02 4-74
Patient 2
Affected 2-97 079
Unaffected 2-83 3-31
Patient 3
Affected 1-94 2-6
Unaffected 1-53 2 59

lation. Thus, for each tilt and rotation experiment the
mean of all the EMG activity values in the upright,
resting position was calculated for each individual
muscle and subject and this was taken as basal value.
The effects of tilt upon this basal value are shown in
tables 3 to 5. Two main difficulties were encountered
during data analysis, namely that the VIII-ST group
was small and that there were important individual
variations within both patient groups. As the latter
produced considerable skewing of the data, the medi-
ans and interquartile ranges were plotted to give a
clearer picture of the trends present in all patient
groups (fig 1).
The greatest difference between the three groups

tested was found during backwards tilt with the head
free. In normal subjects the effects were negligible but
in the VIII-ST patients a marked increase of EMG
activity usually occurred. This was related to the
degree of tilt and was maximal in the muscle most
affected clinically (fig 2). Two of the three patients
were tested on more than one occasion with similar
results. In no case did a spasmodic torticollis patient
have a comparable enhancement of the EMG in the
more affected muscle. On the contrary, two spas-

modic torticollis patients had a significant reduction

Table 3 EMG* during tilt backwards; head restingfreely

30O 600 900

NC n = 11 099SD019 1-04SD019 111SDO38
ST
Affected n = 6 0-64 SD 0-33 0-64 SD 0 34 0 93 SD 0-82
Unaffected n = 6 102 SD 044 144 SD 1 64 198 SD 229
Patient I
Affected 8-27 10 13 26-02
Unaffected 4-27 4.5 5 87
Patient 2
Affected 3-63 3-76 3-14
Unaffected 1-6 1 99 3 25
Patient 3
Affected 092 0-87 4 13
Unaffected 0-04 0-06 0 10

*Expressed as a ratio: EMG during tilt/EMG at 0° of tilt.
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Table 5 EMG during coronal tilt at 450; head clamped

Side down Side up

NC n = It 553 SD 936 371 SD 765
ST
Affected n = 5 10-73 SD 12-13 3-99 SD 7 53
Unaffected n = 5 1-29 SD 0 53 1-19 SD 0.20
Patient 1
Affected 5-15 0 29
Unaffected 1 09 013
Patient 2
Affected 4 88 1 68
Unaffected 2 10 1-67
Patient 3
Affected 4 40 24-12
Unaffected 1-39 146

Side down = left sternomastoid during left tilt or right
sternomastoid during right tilt. Side up = left sternomastoid during
right tilt or right sternomastoid during left tilt.

of muscle activity as they were tilted backwards (fig
3). Activity in the clinically less affected muscle activ-
ity was not altered by this manoeuvre in five of the six
spasmodic torticollis patients.
During 450 tilt backwards or forwards with the

head clamped, neck EMG usually increased in the
VIII-ST patients. This effect was also commonly seen
in the spasmodic torticollis group but not in the nor-
mal control group. Since spasmodic torticollis
patients did not show EMG enhancement during sag-
ittal tilt with the head free it is impossible to say how
much of this effect was due to the tilt and how much
due to the forced fixation of the head. Eye opening or
closure did not affect the sagittal tilting responses.

Tilt in the coronal plane also had to be carried out
with the head clamped. During this experiment all
groups produced a similar pattern of E-MG responses.
Thus when the subjects were tilted to the right it was
mainly the right sternomastoid which was activated
as if opposing the tendency of the head to turn pas-

sively in that direction and vice versa on tilting to the
left. This response was more prominent in both
patient groups than in normal subjects and specially
in the clinically more affected muscles. Although the
subjects were encouraged to relax it is not clear
whether this EMG modulation was the result of vol-
untary or involuntary activity.

During rotational tests on consistent modulation of
the EMG was found in the normal subjects or the
VIII-ST patients. Some spasmodic torticollis patients,
however, did have a rotational modulation of their
muscle activity. From what is known of the vestibulo-
ocular and vestibulo-cervical reflexes, it is conceivable
that during acceleration say to the right, the head
would turn to the left. Thus, it was considered that
EMG modulation consistent with stimulation of the
horizontal semicircular canals occurred either when
the muscle ipsilateral to the direction of the acceler-
ation increased its discharge or the activity in the con-

tralateral muscle diminished (table 6). If a change of
10% is considered significant a consistent EMG mod-
ulation occurred one in eight instances (12%) in the
normal subjects, one in six (16%) in the VIII-ST cases

and six in 11 (55%) in the spasmodic torticollis
patients. There was no systematic optokinetic modu-
lation of the EMG in any group nor were there any

consistent differences in the frequency content (power
spectra) of the EMG in the various groups. Highest
levels of activity were in the region between 50-90 Hz
with minimal power beyond 200 Hz.

Discussion

The possible existence of a link between spasmodic
torticollis and the vestibular system has interested
neurologists for a long time6- 12 and, not infre-
quently, isolated cases of otogenic spasmodic tor-

Table 6 EMG* during horizontal rotation

Cases with corresponding
Ipsilateral Contralateral modulation ofEMG

NC n = 8 108 SD 0-21 1 16 SD 028 1 -(12%)
ST
Affected n = 5 1-23 SD 0 71 1 02 SD 060 3-(60%)
Unaffected n = 6 1 13 SD 0-32 1 16 SD 0-42 3-(50%)
Patient I
Affected 1 20 033 Yes- (33%)
Unaffected 0-77 1 31 No
Patient 2
Affected 046 0-73 No
Unaffected 093 1-56 No
Patient 3
Affected 0-03 0 21 No
Unaffected 1-02 1-19 No

*Expressed as the ratio: EMG during acceleration/EMG during periods of no acceleration. Ipsilateral = right sternomastoid during rotation
to right or left sternomastoid during rotation to left. Contralateral = right sternomastoid during rotation to the left or left sternomastoid
during rotation to the right.
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L Patient 1 M Normal controls
A Patient 2

* Paitient 3 7//X ST controls

Coronal tilt

Head free

00 300 600 90o 450B
Head clamped
45°F 450D

Backwards

Fig 1 EMG of the more affected sternomastoid in response to tilt backwards (B) forwards (F) side down (D) or side
up (U). Shaded areas represent the interquartile range in the normal and ST control groups. Median values are

presentedfor the VIII-STpatients. EMG was normalisedfor each subject and test condition so that a value of 1

represents the upright position.

Backwards tilt Patient 1

300 60 90

_"turn right"

Left sternomastoid

"turn left"

Right sternomastoid

los

Fig 2 Rectified and integrated EMG in a patient with a left acoustic neuroma removed and ST with chin rotation to the right.
The patient was tilted backwards with his headfreely resting. "Turn right" and "turn left" are voluntaryforced head turns used
as calibration. Records interruption, shown with parallel lines, were between 10-40 seconds.
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Vill-ST

40
0x

30"

900

ST

0 400
Frequency (Hz)

Fig 3 Power spectra ofEMGfrom the more affected muscle
in patient I and in a ST control patient at various angles of
tilt backwards with the headfiree. Power was measured in V2
and normalised to 0° of tilt.

ticollis have been reportcd.'- 10 Some of the cases in
the literature had irritative labyrinthine lesions with
marked fluctuations of the symptoms in whom a pre-
cise topographic diagnosis was difficult to establish.
In contrast to this, in the present series two of the
three patients undoubtedly had unilateral destructive
lesions (nerve division in cases 1 and 3). The torticollis
in these two patients was towards the right in both
cases in spite of the nerve section being on the right in
one case and the left in the other, arguing strongly
against the tempting, but simple view, that unilateral
vestibular lesions can produce spasmodic torticollis
by virtue of an asymmetric vestibulo-collic reflex.
This does not necessarily mean, of course, that the
vestibular system and spasmodic torticollis do not
influence each other.
The present investigations show that the three VIII-

ST patients differed in their postural control from the
cases of idiopathic spasmodic torticollis and normal
subjects. In particular the response of the cervical
muscles to backwards tilt with the head free was con-
sistently different in the three groups of subjects stud-
ied. In the normal controls this manoeuvre did not

modify the resting EMG and in the spasmodic tor-
ticollis group either it did not change the activity
significantly or reduced it. In the three VIII-ST pa-
tients neck EMG was markedly enhanced especially
that from the more affected sternomastoid. It is
known from animal studies that these effects are
probably dependent upon otolith macular activity.
Magnus' described static vestibular reflexes in which
maximal tonus in the decerebrate preparation oc-
curred in the supine position and minimal tonus while
prone. More recent studies have indicated that it is in
these positions that macular units reach their max-
imal and minimal firing frequencies respectively.'3 14
Since the utricular macula is approximately horizon-
tal when the animal is standing this position is also
the point of optimal sensitivity, that is maximal
change of discharge frequency per angle of head devi-
ation relative to gravity.

It is reasonable to expect that during backward tilt
macular discharge will activate both sternomastoids
in order to keep the head upright or at least, in the
absence of a supporting surface, to keep it aligned
with the trunk. Clearly, if one VIII nerve is sectioned,
tilt backwards will produce a maximal imbalance of
macular input to the CNS since one macula will
greatly increase its activity while the other is silent.
Such a patient who also has spasmodic torticollis may
be reasonably compensated in the upright position
because the remaining utricle is in its optimal position
for signalling changes of linear acceleration and is dis-
charging at a moderate rate.
The situation is different in the supine position. In

these circumstances the utricular macula will be at its
maximal firing frequency and minimal sensitivity.
Unilateral absence of vestibular function in otherwise
neurologically normal subjects does not seem to pro-
duce a significant increase in the EMG; in three such
patients tested sternomastoid EMG increased by a
factor of 1 22 in the muscle contralateral to the ves-
tibular loss and 1 09 in the ipsilateral one (median
values) when tilted from 0 to 900 (unpublished obser-
vations). However, in the presence of deranged pro-
cessing of head/eye position information such as
occurs in spasmodic torticollis, this could well lead to
a pathological enhancement in the neck EMG dis-
charge. Thus, it is likely that the abnormal tilt/EMG
reaction present in the VIII-ST group is due to the
unique combination of two different factors: imbal-
ance of peripheral macular signals and perverted cen-
tral processing of the information concerning head
orientation. Evidence for this latter factor stems from
two sources. First there is a high incidence of
vestibulo-ocular abnormalities as shown in a previous
review of patients with spasmodic torticollis.6 Sec-
ondly spasmodic torticollis patients are reported to
have perverted or exaggerated muscle responses to
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extero-proprioceptive stimuli and semicircular canal
stimulation," 1 5 the latter also being suggested by the
rotational experiments in the present study.

In summary, the cases presented here do not indi-
cate that a peripheral labyrinthine disorder can be
held directly responsible for the clinical picture of
spasmodic torticollis. However, there is some evi-
dence that an VIII nerve lesion can modify, aggravate
and perhaps precipitate spasmodic torticollis by in-
ducing further disruption in the processing of sensory
information about head position. It follows from this
that operations on the vestibular system in idiopathic
spasmodic torticollis are unlikely to be thera-
peutically effective; indeed aggravation of the tor-
ticollis might well occur.

AMB was supported by the Brain Research Trust.
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